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Gooch and Gilbert, Amer. Jour. Sci. [4] xiv, 205); or (4) by
precipitation with " cupferron " (Turner, ibid. XLI, 339).
B. Volumetric. Vanadium may be estimated volu-
metrically (i) by reduction from the condition of the pent-
oxide to that of the tetroxide by sulphur dioxide, hydro-
gen sulphide, or zinc and free acid, and reoxidation by
permanganate (Hillebrand, Jour. Amer. Chem. Soc. xx,
461; Gooch and Gilbert, Amer. Jour. Sci. [4] xv, 389);
(2)  by effecting the reduction by boiling with hydrochloric
acid or with potassium bromide or iodide in acid solution,
according   to   the   typical   equation  V205+ 2HC1= V2O4+
H20+C12.    The chlorine, bromine, or iodine m&y be dis-
tilled and determined by suitable means in the distillate
(Holverscheit, Dissertation, Berlin, 1890;   Friedheim, Ber.
Dtsch. chem. Ges. xxvin, 2067;  Gibbs, Proc. Amer. Acad.
x, 250; Gooch and Stookey, Amer. Jour. Sci. [4] xiv, 369;
Gooch and Curtis, Amer.  Jour.  Sci. [4] xvn, 4),  or  the
residue after boiling may be rendered alkaline by potas-
sium bicarbonate,  and  reoxidation effected by standard
iodine solution (Browning, Amer. Jour. Sci. [4] n,   185);
(3)   the reduction may be accomplished by boiling with
tartaric, oxalic, or citric acid, and reoxidation effected as
outlined above (Browning, Zeitsch. anorg. Chem. vn, 158,
and Amer. Jour, Sci. [4] n, 355);  (4) or sodium thiosulphate
may be the reducing agent (Oberhelman, Amer. Jour. Sci.
xxxix, 530).    (5)  Vanadium and   molybdenum  may be
estimated when together by heating their acids in the pres-
ence of sulphuric acid and treating with sulphur dioxide,
which reduces the vanadium to the condition of the tetroxide,
without affecting the molybdic acid.    The vanadium may
be estimated as in (i) by permanganate.    The oxidized
solution may then be passed through a Jones reductor into
a receiver charged with a ferric salt.    This process reduces
the molybdenum to the sesquioxide (Mo20$) condition and
the vanadium to the dioxide G^Os) condition, and registers
the reduction in the ferric salt.   The reoxidation is again